In order to comprehend text on the blackboard, a computer screen, or in text books, diagrams, and test questions, one has to derive a representation from the printed input and retrieve semantic information from the mental lexicon based on this representation. Linguistic comprehension then allows the reader to use this semantic information to interpret the instruction, question, and so forth. An important factor in this process is the quality of the mental lexicon. The quality of the representation of both the form and the meaning of a word in the mental lexicon, the lexical quality, determines how fluently and accurately the word is identified and its meaning retrieved (Perfetti, 2007; Perfetti & Hart, 2002) .
Hearing loss, defined in the context of this study as severe to profound bilateral hearing loss (i.e., unaided pure tone average of 80 dB or greater in the better ear), can influence the quality of the mental lexicon. Hearing loss can affect the child's phonological development, which in turn affects word decoding skills and word form representations (Moeller, Tomblin, YoshinagaItano, Connor, & Jerger, 2007) . Furthermore, due to the very nature of hearing loss, children with hearing loss have fewer word-learning opportunities (Fagan & Pisoni, 2010) , which can have consequences for their orthographic and semantic representations of words. After all, a high quality word representation can be acquired only by frequent encounters with a word (Luckner & Cooke, 2010; Perfetti & Hart, 2002) .
Many children with severe to profound hearing loss not just lag behind, but stagnate at a very low level of reading comprehension. Wauters, van Bon & Tellings (2006) showed that only 4% of the students with hearing loss between 7 and 20 years of age in their study were reading at an age-appropriate level. In order to tackle the important issue of low reading comprehension scores in children with severe to profound hearing loss, it is necessary to have a good understanding of the trajectory from decoding to reading comprehension. In the present study we examined how different components of lexical knowledge and reading comprehension relate over time both in children with and without hearing loss in the primary grades in the Netherlands. We thus tried to develop a structural model of reading, with a particular interest in the role of hearing status in this model. To our knowledge, this is the first study in which the mental lexicon has been studied over time in children with and without hearing loss concurrently.
Below we will first discuss the relation between the mental lexicon and reading comprehension. Thereupon, we will discuss how children can come from decoding to reading, using the Lexical Quality Hypothesis of Perfetti and Hart (2002) . This hypothesis will be used to structure decoding, vocabulary, and reading comprehension in one model. Finally, we discuss the role of hearing status in this process.
Reading and the Mental Lexicon
The mental lexicon contains information regarding the meaning of a word, its form, pronunciation, syntactic characteristics, and so on. Many studies have shown a strong relationship between word knowledge, or vocabulary, and reading comprehension (e.g., Aarnoutse & van Leeuwe, 2000; Anderson & Freebody, 1981; Beck, Perfetti, & McKeown, 1982; Curtis, Collins, Gitomer, & Glaser, 1983; Eldredge, 1990 ). Children's early vocabulary even predicts later reading comprehension (Verhoeven, van Leeuwe, & Vermeer, 2011) . During the process of reading, vocabulary is essential both for understanding words and sentences, for deriving the meaning of unknown words from the context, and for making text-connecting and gap-filling inferences (Cain & Oakhill, 1999; Cain, Oakhill, & Lemmon, 2005) .
For a word to be facilitative in reading comprehension, one should have multifaceted or deeper word knowledge, including knowledge of multiple meanings, shades of meaning, figurative usages, related concepts, and knowledge of its meanings in different contexts and of its different morphological forms (Graves, 2006; Kieffer & Lesaux, 2010; Paul, 1996; Stahl & Nagy, 2006) . To create such a network of knowledge requires encountering a word in many contexts. Lexical representations are continuously restructured within a self-organizing neural network (the mental lexicon) to create this knowledge network .
From Decoding to Reading: The Lexical Quality Hypothesis
For reading comprehension to be successful, word forms must be decoded correctly and subsequently word meanings must be retrieved (Verhoeven & Perfetti, 2011) . Although the relationship between word reading and comprehension is complex due to its recurrent nature, it begins with word reading, or decoding (Hart, 1991) . Hoover and Gough (1990) define decoding skills as the ability to derive a representation from printed input. To decode an alphabetic language one has to map graphemes on phonemes. A known problem for less skilled readers is their lack of linkage between orthographic and phonological structures (Perfetti & Hart, 2002) . The observation that children who have problems with reading comprehension often also have word identification problems is the basis of what Perfetti and Hart call the Lexical Quality Hypothesis (LQH).
The LQH suggests that not only knowledge of the word form but also knowledge of the word meaning is essential in reading comprehension. According to the LQH word representations in the mental lexicon are triples of phonological, orthographic, and semantic specifications, in which the semantic component is constituted of both meaning and grammatical information (Perfetti & Hart, 2002) . High quality word representations consist of tightly bound sets of these three specifications and are formed through frequent encounters with a word in differing contexts, such as decoding the written word and interpreting its meaning in context or producing the word, which involves spelling, pronunciation, and correctly using the word in a sentence. Through these encounters, or lexical experiences, the coherence between the different knowledge components and the reliability of each component is strengthened and thus the quality of the word representation is improved (Perfetti & Hart, 2002) . This is important, because variation in quality in (any of) the components has an effect on comprehension (Perfetti, 2007) . In this view, vocabulary growth includes both the growth of the number of words in the mental lexicon and the refinement of the word representations (Verhoeven & Perfetti, 2011) .
How Hearing Status Can Affect Reading
Children with hearing loss have a strong tendency to have persistently low reading comprehension scores (Traxler, 2000; Wauters et al., 2006) . Because successful comprehension depends both on correctly decoding word forms and on easy access to word meanings (Verhoeven & Perfetti, 2011) either or both of these aspects could cause reading comprehension problems in children with hearing loss. Below we briefly discuss what is known about word decoding and word knowledge in children with hearing loss.
In our study, we define word decoding as the skill that enables children to derive a representation from written or printed input. Decoding has been shown to be negatively related to reading delay in children with hearing loss (Dyer, MacSweeney, Szczerbinski, Green, & Campbell, 2003) . In general, children with normal hearing use the mapping of graphemes on phonemes to decode an alphabetic language-this is especially true for Dutch children, because the Dutch language has a rather transparent alphabetic system when compared with other languages-and therefore phonological awareness plays a crucial role in word decoding in children with normal hearing (Stothard & Hulme, 1995; Swank & Catts, 1994) . However, there has been much debate in recent literature regarding the role of phonological awareness in reading for students who are deaf or hard of hearing (e.g., Allen et al., 2009; Mayberry, del Giudice, & Lieberman, 2011; Miller & Clark, 2011; Wang, Trezek, Luckner & Paul, 2008) . Although, our study does not include phonological awareness, we briefly review this issue, to do justice to the recent controversy and to acknowledge the importance of phonological awareness in reading in children with normal hearing.
Several studies have reported a positive longitudinal relation between phonological awareness in children with hearing loss and reading (Colin, Magnan, Ecalle, & Leybaert, 2007; Dyer et al., 2003; Harris & Beech, 1998) . Wang et al. (2008) even concluded that phonological knowledge is a necessary precursor to reading comprehension for children with hearing loss. Yet, other studies did not find phonological awareness to be a correlate or predictor of reading ability in children with hearing loss (Kyle & Harris, 2006; 2011). Miller and Clark (2011) found evidence in their research review that even if children with hearing loss have poor phonemic awareness they can succeed in developing word-reading strategies. This idea is supported by studies that have found that the decoding skills of children with hearing loss are only slightly below those of hearing children (Fischler, 1985; Wauters et al., 2006) .
A meta-analysis by Mayberry, del Giudice, and Lieberman (2011) , investigating the relation between reading ability and phonological coding and phonological awareness skills in children with severe to profound hearing loss, showed that the relation between phonological coding and awareness skills and reading achievement in children with hearing loss is only low to moderate in size and the effect depends highly on the nature of the task. Apparently, the exact role of phonological awareness for children with hearing loss is not exactly clear.
In children with normal hearing, both the number of word representations in the mental lexicon and the quality of these representations directly affect reading comprehension (Ouellette, 2006; Perfetti & Hart, 2002) . Word knowledge has also been found to be closely related to reading comprehension in children with hearing loss (Garrison, Long, & Dowaliby, 1997; Hermans, Knoors, Ormel, & Verhoeven, 2008; Verhoeven & van Leeuwe, 2008; Kyle & Harris, 2006; Luetke-Stahlman & Nielsen, 2003) . Studies have shown that, on average, the size as well as the depth of the vocabulary of children with hearing loss is lower than that of their hearing peers (Kelly, 1996; Marschark, Lang, & Albertini, 2002; Paul, 2003; Pittman, Lewis, Hoover, & Stelmachowicz, 2005; Traxler, 2000) . Therefore, many children with hearing loss know fewer words and they know these words less well.
Present Study
The present study is based upon a longitudinal study in which we followed the vocabulary development of a group of Dutch children with and without hearing loss using a lexical decision task and a use decision task. The lexical decision task measured minimal word knowledge by assessing whether children could distinguish words from pseudo words and the use decision task measured pragmatic knowledge by assessing whether children could recognize the correct usage of a word. We administered a decoding task before starting the vocabulary study to ensure that we were measuring primarily vocabulary knowledge and not (just) decoding. Furthermore, because we studied vocabulary because of its importance in reading comprehension we also measured reading comprehension at the end of our study. In summary, we assessed children's decoding skills in the first academic year, vocabulary in the first, second, and third year, and a reading comprehension task was administered in the fourth year. Because most children with hearing loss were already involved in numerous studies, we had to minimize the work load and we could not administer decoding, vocabulary and reading comprehension tasks in all four years.
We used the data of this longitudinal study to explore the following two research questions: (1) Can we build a structural model of reading based on the Lexical Quality Hypothesis (Perfetti & Hart, 2002 ) that accounts for how the lexical components we measured relate to each other and to the reading comprehension task we administered in the last year? (2) How does hearing status influence both performance on the separate components and the relation between the components in the model?
We hypothesized that, from a logical viewpoint, a word representation starts with knowledge about the form (either phonologic or orthographic), followed by knowledge about meaning and finally, knowledge about how to use a word is acquired. All of the components together represent the quality of a child's mental lexicon, which we hypothesize will influence the child's reading comprehension skill. Figure 1 shows how we integrated the tasks we administered during our larger study into one model following the LQH.
Note that, although we administered these tasks successively, these components of lexical knowledge are not acquired sequentially but simultaneously. Furthermore, the tasks we administered cannot be seen as "pure" measures of the individual components of LQH. They assess performance that is supported by multiple knowledge sources and the most one can say is that a given task requires knowledge about one or more targeted components.
Method

Participants
In this study we followed a group of 124 children over four years 1 . Of this sample of 124 children, 64 children had normal hearing, and 60 children had hearing loss. The group of children with normal hearing consisted of 31 boys and 33 girls who were all in Grade 3 at measurement point 1 and had a mean age of 9 years 2 months (SD = 7 months). The group of children with hearing loss consisted of 36 boys and 24 girls who were in Grade 3 through 6 at measurement point 1 and had a mean age of 10 years 7 months (SD = 15 months).
We aimed to follow as many children with hearing loss as possible and a wide range of children in both mainstream schools and in special education schools indeed participated in this study. We assume that the heterogeneity of the group is a good reflection of the full range of children with hearing loss in the Netherlands. The prevalence of moderate to profound hearing loss in the Netherlands is about 1 per 1000 births. With a birth rate of about 185,000 a year, about 185 children are born annually with a bilateral hearing loss of 40 dB or more (van der Ploeg & Rijpstra, 2010) . However, information distinguishing between groups of children with differing degrees of hearing loss or regarding additional disabilities is not available.
Of the 60 children with hearing loss, 13 were in mainstream schools (12 schools in total) and 47 were in special schools for the deaf (7 schools in total). Children in mainstream education were educated in Dutch, whereas education in special schools is officially bilingual: Spoken Dutch and Sign Language of the Netherlands. All children with hearing loss had severe to profound hearing loss. Detailed information about the children with hearing loss can be found in the Appendix.
The selection of children with normal hearing was based on convenience sampling as they were all classmates of the children with hearing loss in mainstream schools (i.e., they were physically in the same class as the child with hearing loss). Thus, we both had participants with and without hearing loss in grades 3-6 at the beginning of our study. However, due to practical reasons we only traced pupils with hearing loss after school transition-which takes place at the end of Grade 6 in the Netherlands. As a consequence, we lost track of almost all pupils without hearing loss during the longitudinal study, except for pupils in Grade 3 who were still at the same school after 4 years.
Materials and Procedure
In this study children completed a number of tasks designed to tap orthographic and semantic components of lexical knowledge and reading comprehension. In the first academic year we administered a decoding skills task (winter 2007-2008) . A lexical decision task and a use decision task were carried out by children in the first, second, and third year (spring 2008, 2009, and 2010) . In the fourth year a reading comprehension task was administered (spring 2011). Three of the 124 children did not take the decoding task in Year 1, one child did not take the use decision task in Year 1, two children did not take the lexical decision task nor the use decision task in Year 2, and one child did not take the use decision task in Year 3. All children completed the reading comprehension task in Year 4.
All of the tasks were paper-and-pencil tasks allowing only measures of accuracy. Tasks were administered in the child's classroom by the first author. When there was no permission to test all children in one class, children who were granted permission were tested separately or in groups. The instruction for the decoding task and the vocabulary tasks was given in the modality preferred by the children (Sign Language of the Netherlands or spoken Dutch). For the reading comprehension task children received a written instruction.
Target words in the vocabulary tasks were adjectives, nouns, and verbs extracted from the "Cito Eindtoets Basisonderwijs" [Cito End of Primary School Test, henceforward Cito test] of 2004, 2005, and 2006 . This test is administered in Grade 6 by about 90% of primary schools in the Netherlands to determine access to secondary education and words used in these tests can be seen as a norm for vocabulary knowledge of Dutch children at the end of primary school. A detailed description of the construction of the representative word list can be found in Coppens, Tellings, Verhoeven, and Schreuder (2011) . Texts and questions for the reading comprehension tasks also came from these Cito tests.
Decoding skills. We used the two-syllable version of van Bon's paper-and-pencil lexical decision task (2007; more information in: van Bon, Hoevenaars, & Jongeneelen, 2004 ) to determine the decoding-level of each child. This decoding task is specifically meant to measure decoding skills and not vocabulary (van Bon, 2007 ). To prevent the child's vocabulary size from affecting the results, the van Bon task consists of words chosen from the Streeflijst Woordenschat [Target list vocabulary for 6-year-olds] (Schaerlaekens, Kohnstamm, & Lejaegere, 1999) . Results have shown that this paper-and-pencil lexical decision task correlates highly with oral reading tasks that are usually used to assess children's word decoding skills (van Bon, 2007; van Bon et al., 2004) .
In the task, children were presented with 120 words, 90 existing Dutch words and 30 pseudo words, arranged in three columns on one page. The children were asked to cross out the pseudo words, working from top to bottom, column by column, as quickly and as accurately as possible. After 1 min, the experimenter said "Stop" and the children put a double line under the last word they read. There were four versions of the list with different orders.
Lexical and use decision task.
We investigated the word knowledge of children on 100 target words using two different tasks: a lexical decision task (LDT) and a use decision task (UDT). The 100 target words of our study were presented in three consecutive years in both the lexical decision task and the use decision task with 80 different filler words each year to avoid a learning effect (in total 240 filler words: 80 in Year 1, 2, and 3). Target words and fillers were randomly selected from the representative word list that was made based on the Cito tests.
To reduce the workload, tasks were administered over three sessions, each session consisting of a lexical decision task and a use decision task with 60 target words. The three sessions were spread over two or more daily periods. To control for order effects, there were four versions that were randomly divided over the classes.
We used a paper-and-pencil lexical decision task in which children were presented with letter strings that formed either a word or pseudo word. For each of the target words a phonological and orthographical legal (Dutch) pseudo word was created. To ensure that the variation in the structure of the pseudo words, possible word class, and length of the pseudo words approximately mirrored that of the target words, we first selected words in CELEX, a large electronic database that provides detailed Dutch lexical data (Baayen, Piepenbrock, & van Rijn, 1993) , that were similar to the target words with regard to these factors and then altered this word by one or two letters to create the pseudo word. To administer the lexical decision task, the 100 target and 80 filler words and their accompanying pseudo words were divided over three word lists; one for each session. Importantly, the 100 target words and accompanying 100 pseudo words of our study were semi-randomly divided over the word lists, in order that the words were distributed equally over the three lists. The task of the child was to read the letter strings on the word list column by column and cross out the pseudo words. At the front of the first word list an example was given. Children had to cross out the pseudo words in the example themselves (as opposed to only the test leader), to make sure that they understood the intention of the task.
After finishing the word list, the participants completed a use decision task. The use decision task was designed to measure whether the child recognized (in)correct uses of a target word. The use decision task contained the same target words and fillers as the lexical decision task, though in a different order. Each target word was presented in four short sentences, such that the target word was used semantically, syntactically, and morphologically correct in only one of the four sentences (e.g., "The train goes"). The incorrect alternatives were syntactically and morphologically correct but semantically incorrect (e.g., "The train sings," "The train sleeps," "The train walks"). At the beginning of each sentence stood the letter A, B, C, or D. Children were asked to read the target word and the four sentences and to choose the sentence in which the target word was used best. If they believed that there were two sentences in which the word was used correctly, they were instructed to choose the best answer. Participants were also instructed to guess an answer if they did not know the right answer. To make sure that the child understood the intention of the task, the children completed two examples at the beginning of the first use decision task and the instructor discussed the answers of these examples with the children. To minimize any potential test-retest effect, the children were not provided with feedback on the correctness of lexical decision task and use decision task items.
Reading comprehension. Our aim was to explore how performance on the vocabulary (and decoding) measures we administered would predict their performance on a standardized reading comprehension test with the same words. The words in our vocabulary tasks came from the Cito tests of 2004, 2005, and 2006 . Therefore, we have created a reading comprehension task using three reading texts from the same Cito tests (2004, 2005, and 2006 ) and their accompanying 25 multiple choice questions that each had four answer alternatives. There were 10 questions about the first text, eight about the second text, and seven questions about the third text. Children received a booklet containing a written instruction (the standard instruction used for these tests, though simplified), the three texts, and the 25 questions. They also received an answer sheet. Children were asked to first read the text and then answer the questions. The task was to choose the best answer and tick the correct answer on the answer sheet.
Analyses
In the results section we first report the descriptive statistics for the word decoding task, the lexical decision tasks, the use decision tasks, and the reading comprehension task. Mean scores on the different tasks and standard deviations are reported as a function of hearing status, and in the case of children with hearing loss also as a function of grade, because of the large age difference within the group of children without hearing loss. Assumptions of normally distributed data were checked in both groups. We then performed t-tests to examine group differences (with versus without hearing loss) on each task. With these analyses we can examine how hearing status influenced performance on the separate components in the model.
Correlation analyses were performed to examine how the tasks are related to each other and to examine the effect of age. We then used structural equation modeling to create a structural model of reading including hearing status. This way we could examine whether a structural model of reading could be built based on the Lexical Quality Hypothesis (Perfetti & Hart, 2002) and how hearing status influenced the relations between the components in the model. Structural equation modeling (SEM) is a statistical technique that uses a combination of statistical data and qualitative causal assumptions to test and estimate causal relations. Hereafter, we discuss the basics of our structural model.
To begin with, we examined to what extent achievement on more complex tasks was predicted by achievement on simpler tasks, and how hearing status influenced the performance on the different tasks. We modeled our data along different assumptions:
1. Auto-regressive effects. Previous studies have found that the growth on a certain task is extremely stable both for children with and without a hearing loss (Verhoeven & van Leeuwe, 2008; Coppens, Tellings, van der Veld, Schreuder, & Verhoeven, 2012) . Performance on task X on measurement occasion 2, can be best explained by performance at time 1. Therefore, we assumed that performance on both the lexical and the use decision task in one year explained performance in the next year.
Lexical Quality Hypothesis.
We designed a theoretical model around the LQH (see Figure 1) . The LQH states that certain skills are a prerequisite for other skills (Perfetti & Hart, 2002) . We assumed that word decoding was a prerequisite to perform the reading vocabulary tasks and the reading comprehension task; to recognize a word as an existing word in the lexical decision task was a prerequisite to recognize the correct usage of a word in the use decision task; reading vocabulary knowledge and pragmatic knowledge (as measured by the lexical and use decision task) were prerequisites for the reading comprehension task. We assumed that the performance on the reading comprehension task would be best predicted by performance on the lexical and use decision task in the previous year because it would approach the children's vocabulary knowledge best at the time of the reading comprehension task.
3. Restructuring hypothesis. The LQH also assumes restructuring. Thus, not only do higher level skills (e.g., reading comprehension) benefit from improving lower level skills (e.g., word decoding or vocabulary), these lower level skills also improve by reading. In the current study, we could only test this assumption on the vocabulary level by assuming that word recognition in the lexical decision task improved if you had more specified knowledge of the words in your vocabulary as measured by the use decision task.
Effect of hearing status.
Our last assumption concerned hearing status. Based on previous research we assumed that hearing status negatively affected performance on the reading comprehension and vocabulary tasks. The effect of hearing status on decoding skills was not exactly known; therefore, hearing status was added to the model to examine
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Thereafter, the statistical method for multiplegroup Structural Equation Modeling (Byrne, 1998) was used to determine whether or not the group variable "hearing status" had a moderating influence on the relations between the different levels of lexical quality and reading comprehension. This moderating relationship can be thought of as an interaction; the relationship between two variables depended on hearing status.
Although, we used SEM in a confirmatory way to test our model, we would like to emphasize the explorative character of our study. Our aim was to test the model and examine possible suggestions for further theory development.
Results
Descriptive Statistics
We used the raw score for the decoding skills task, taking into account the number of words and pseudo words a child had judged minus the wrong answers, the maximum score being 120. The scores on the lexical decision task were corrected for guessing as well as for the individual's response style using the correction formula developed by Huibregtse, Admiraal, and Meara (2002) ; scores were multiplied by 100 resulting in a maximum score of 100. We used the correction formula for blind guessing (Beeckmans, Eyckmans, Janssens, Dufranne, & van de Velde, 2001 ) to correct the scores on the use decision task and the reading comprehension task with maximum scores of 100 and 25 2 , respectively. In Table 1 , the means and standard deviations for the word decoding task, the lexical decision tasks, the use decision tasks, and the reading comprehension task are presented as a function of hearing status and grade. The vocabulary and reading comprehension tasks we used are not standardized and therefore cannot be contextualized. The decoding task was administered during the winter of the first year. The mean score of the children without hearing loss on the decoding skills task is slightly below the mean norm score on the task for children in Grade 3 for November: M = 47.33 and SD = 17.63. The mean score of the children with hearing loss in grades 5-6 (M = 49.15, SD = 23.96) is comparable to the median score on the task for children in Grade 3 for February (median score = 49-50), the mean score of the children with hearing loss in grades 3-4 (M = 34.63, SD = 27.47) is comparable to the median score on the task for children in Grade 2 for February (median score = 35).
Assumptions of normally distributed data were checked in both groups. The scores on the lexical decision task in Year 1, 2, and 3, on the use decision task in Year 2 and 3, and on the reading comprehension task in Year 4 were positively skewed in the group of children with normal hearing (respectively z = 1.92; 2.70; 3.27; 2.28; 2.46; 4.00; and .53), and the scores on the decoding Table 1 Mean scores and standard deviations on the decoding skills task (DS), lexical decision task (LDT), use decision task (UDT), and the reading comprehension task (RC) for both groups, with independent sample t-tests for the two groups of children with hearing loss
Children with normal hearing
Children with hearing loss task were negatively skewed (z = 1.42). Scores on the lexical decision task and use decision task in Year 1, 2, and 3 were positively skewed in the group of children with hearing loss (z = 1.26; 1.57; 2.03; .22; 1.12; and 1.98, respectively), whereas their scores on the decoding and reading comprehension task were negatively skewed (respectively z = .50 and 2.20). Nonetheless, the kurtosis statistics show that the scores on the tasks are normally distributed in both groups (z < 1.96), except for the scores on the use decision task in Year 2 in the group of children with hearing loss (z = 1.98) and for the scores on the use decision task in Year 3 in the group of children with normal hearing (z = 2.52). The standard deviations indicated considerable variation within the group of children with hearing loss, and variances were not the same throughout the groups. Therefore, equal variances were not assumed while performing t-tests. Independent sample t-tests were done to examine group differences (with versus without hearing loss) on each task. As can be seen in Table 2 , results showed that children without hearing loss scored significantly better than the children with hearing loss on the vocabulary and reading comprehension tasks, but not on the decoding task. It is important to note that this was true both when the children with normal hearing were compared with only the children with hearing loss in Grade 3 and 4, and when the children with normal hearing were compared with the entire group of children with hearing loss.
Structural Modeling
We first examined the effect of age for both the children with normal hearing and the children with hearing loss, per task. In Table 3 and 4 the correlations between the different tasks and age can be found for children without and with hearing loss, respectively. Results show that the correlations between the tasks were stronger in the group of children with hearing loss compared with the children without hearing loss. Furthermore, the correlations seemed to be stronger for tasks administered at an earlier measurement point, which was probably due to a ceiling effect. Age was not significantly correlated with any of the tasks we administered in the group of hearing children (r, −.22 to .05; p > 0.05), nor in the group of children with hearing loss (r, −.08 to .23; p > 0.05). Because age was not correlated with performance on the different tasks, the group of children without hearing loss was not subdivided in further analyses. Moreover, independent sample t-tests showed that on average younger children did not score lower on the tasks than the older children, except for the decoding skills task (see Table 1 ). Both the large standard deviations shown in Table 1 for the children with hearing loss and the lack of an age effect even though children with hearing loss were in Grades 3-6, indicates that there is a great heterogeneity in performance in children with hearing loss. Apparently, many children are not achieving commensurate with their grade level peers and it is striking to see that the younger children seem to grow faster than the older children, and score higher on the reading comprehension task. We will elaborate on this in the Discussion.
A series of LISREL analyses (Jöreskog & Sörbom, 1996) were conducted to explore the performance on and the relations between decoding, vocabulary, and The Role of Hearing Status in Reading Development 497 reading comprehension and the influence of hearing status. Missing values were deleted listwise. The structural parameters (i.e., standardized regression coefficients) of each model were estimated using the maximum likelihood (ML) method, even though some variables were not normally distributed. Robustness studies indicate that the so-called "quasi maximum likelihood" estimator is robust under quite general conditions (e.g., Satorra, 1992) . The fit of each model was evaluated using chi-square analyses and various fit indices: goodness of fit index (GFI), adjusted GFI (AGFI), normed fit index (NFI), and root mean square error of approximation (RMSEA).
To begin with, we examined to what extent the achievement on a more complex task was predicted by the achievement on a simpler task, and how hearing status influenced the performance on the different tasks using the LQH and restructuring hypothesis as a basis and assuming that the effects are auto-regressive and that hearing status influences performance on the different tasks. We used a simplex model in LISREL and calculated the standardized regression coefficients. The model is depicted in Figure 2 and the direct, indirect, and total effect values can be found in Table 5 .
The results showed that this model did not fit our data: χ 2 = 32.15, df = 18, p = .021, GFI = .95, AGFI = .86, NFI = .98, and RMSEA =.08. Modification indices showed that the performance on the use decision task in Year 1 was the best predictor of the reading comprehension task. The modification index is a lower bound estimate of the expected decrease in chi-square value that would result if a given parameter (relation) was added to the model. The finding that the use decision task in Year 1 predicted the reading comprehension task in Year 4 best can be explained by a ceiling effect. Examining Table 1 reveals that the children without hearing loss obtained scores on the use decision task that approach ceiling, and the score in Year 1 was least affected by the ceiling effect (especially for the children without hearing loss). Inserting the relation between the use decision task in Year 1 and reading comprehension in Year 4 improved the model enormously: χ 2 = 13.02, Figure 3 . The direct, indirect, and total effect values can be found in Table 6 .
The model in Figure 3 shows that the direct influence of hearing status on decoding and reading comprehension was not significant, and there was no significant direct effect of decoding on reading comprehension. Moreover, inserting the relation between the use decision task in Year 1 and reading comprehension in Year 4 also made the relation between the lexical and the use decision task in Year 3 on the reading comprehension task in Year 4 insignificant. Finally, performance on the lexical decision task in Year 3 did not significantly affect the use decision task in the same year. We used this model and the statistical method for multiple-group Structural Equation Modeling (Byrne, 1998) to determine whether or not the group variable "hearing status" had a moderating influence on the relations between the different levels of lexical quality and reading comprehension. Thus, we examined whether the variable hearing status affected the strength of the relationships between the different tasks. This moderating relationship can be thought of as an interaction; the relationship between two variables depends on hearing status.
The fit of the multiple-group model in which the factor loadings were fixed across the two groups was not good: χ 2 = 123.65, df = 41, p < .001, GFI = .80, NFI = .91, and RMSEA =.18, indicating that the model was invariant in gammas and betas across the two groups. The modification indices showed that a lot of the parameters were different across the two groups (χ 2 > 5 for the estimates of the loadings) except for most of the longitudinal relations. Therefore, we tested the model while allowing step by step the relations with a modification index larger than 5 to differ by group, which resulted in a better model, but still not fitting: χ 2 = 47.78, df = 34, p = .059, NFI = .96, and RMSEA =.082. The model for both groups with the loadings for the different relations can be found in Figure 4 . Direct, indirect, and total effects for the group of children with normal hearing can be found in Table 7 and for the group of children with hearing loss in Table 8 .
The model with hearing status as grouping variable (Figure 3) showed that the variance on the reading comprehension task was explained to a large extent by performance on the use decision task (standardized regression coefficient = .89). Furthermore, the model showed that hearing status did not influence the score on the decoding skills task. However, hearing status did directly predict the score on the lexical decision task to a large extent (standardized regression coefficient = −.52, see Figure 3 ). Moreover, there was both a direct effect of hearing status on the use decision task and an indirect effect mediated by the score on the lexical decision task (Table 6 ). Although hearing status did not have a direct effect on reading comprehension, there was an indirect effect of hearing status on reading comprehension via performance on the lexical and use decision task (see Table 6 ). Finally, the multigroup model, although not significant, showed that most of the relations seem to be stronger within the group of children with hearing loss.
Discussion
In the present study we used the data of a longitudinal study to explore whether we could build a structural model for reading development using the Lexical Quality Hypothesis (Perfetti & Hart, 2002) . We examined how tasks that measure different lexical components relate to each other and to a reading comprehension task. Next, we investigated how hearing status influences both the performance on the different tasks and the (strength of the) relationships between the different tasks. Therefore, we tried to structure the relations between different components of lexical knowledge and reading comprehension over time for children with and without hearing loss, using a single model appropriate for both groups and a multiple-group comparison. The study yielded two major findings with implications for understanding the relations between the different components of lexical knowledge and reading comprehension as well as how hearing status influences these components and the relationships among them. First, our empirical findings support the idea that children's reading comprehension skills depend on the quality of their mental lexicon. Second, we found that hearing status both directly and indirectly influenced the performance on the components of lexical quality and reading comprehension, and that hearing status seems to moderate the relations among the components. Below we will discuss these two findings in more detail.
From Decoding to Reading
The goodness of fit of our model, following post hoc model respecifications, indicates that it adequately captures the relations between the components of lexical quality and reading comprehension for both children with and without hearing loss. We found that word decoding performance directly predicted performance on the lexical and use decision task. Moreover, performance on the lexical decision task directly predicted performance on the use decision task. Finally, performance on the use decision task predicted reading comprehension.
The finding that word decoding skills were associated strongly with performance on the lexical decision task and, to a lesser extent, the use decision task, is not surprising, because both tasks require decoding skills in addition to meaning retrieval and processing of pragmatic information. Word decoding skills only indirectly influenced performance on the reading comprehension task: The effect of word decoding was already statistically taken into account by the performance on the lexical and the use decision task, of which the latter predicted performance on the reading comprehension task. Thus, consistent with the LQH and the findings by Protopapas, Sideridis, Mouzaki, and Simos (2007) in children with normal hearing, we found that the effect of word decoding on reading comprehension was mediated by performance on the vocabulary tasks. And the dissociation between decoding and reading comprehension can be explained by the strong relation between performance on the use decision task and the reading comprehension task. As children become older and more proficient (word) readers, the role of vocabulary in explaining reading comprehension increases and the role of decoding decreases (Ouellette, 2006; Ouellette & Beers, 2010) . As in previous studies (Landi & Perfetti, 2007; Ouellette & Beers, 2010; Verhoeven & van Leeuwe, 2008) , we found that reading comprehension was most strongly associated with vocabulary knowledge, and in particular by performance on the use decision task. Although reading comprehension requires skills beyond lexical knowledge, a high quality lexical representation system is the basis for text representation (Perfetti & Hart, 2002) . The finding that performance on the use decision task directly influenced performance on the reading comprehension task, and performance on the lexical decision and decoding task only indirectly, shows that not only the number of words known is important but also how well you know these words. Thus, both the number of word representations in the mental lexicon and the quality of these lexical representations affect reading comprehension.
Role of Hearing Status
Hearing status influenced both the performance on and the relations between the components of lexical quality and reading comprehension. A model including both the group of children with hearing loss and the group of children without hearing loss fit very well, showing that it was possible to apply the same conceptual model to both groups of children when incorporating hearing status as a grouping variable. However, the multigroup comparison model shows that the predictive values of the relations between the different tasks seem to differ for the two groups.
The model including both groups shows that hearing status influenced performance on the lexical decision task and on the use decision task, but that there were no direct effects of hearing status on decoding skills and only minor effects on performance on the reading comprehension task. The lack of a direct effect of hearing status on decoding skills is in line with previous studies (Fischler, 1985; Wauters et al., 2006) .
Although hearing status did not have a significant effect on performance on the word decoding task, it did significantly influence the performance on the lexical decision task. And performance on the lexical decision task was influenced by performance on the decoding task. We are inclined to think that an explanation for the absence of a direct effect of hearing loss on decoding and the strong effect of hearing status on lexical decision might lay in the semantic component. The decoding task is specifically meant to measure orthographic (and perhaps phonological) knowledge and not vocabulary size (van Bon, 2007) , whereas both decoding skills and vocabulary are measured in the lexical decision task. Obviously, a certain degree of vocabulary knowledge is also measured in the decoding skills task, but primarily knowledge of high frequency and familiar words known to all children. Evidence from another study about the lexical decision task supports this idea. In this study, we did not find a difference in performance between children with and without hearing loss on the easy words, but only on the (more) difficult words in the lexical decision task . Therefore, we presumably measure primarily decoding skills with the Van Bon task because it contains only easy words. Yet, the possibility remains that there are children that are not capable of decoding, but who have only automatized the recognition of a number of high frequency words. Unfortunately, as far as we know, there is no clear-cut task to measure decoding skills in children with hearing loss.
Children without hearing loss performed better on the reading comprehension task than the children with hearing loss. Yet, there was no direct effect of hearing loss on reading comprehension. The absence of this direct effect suggests that a lack in size and of depth in vocabulary knowledge was the main cause for reading comprehension problems in children with hearing loss in this study.
Finally, the multiple-group comparison revealed that most relations between the variables were stronger within the group of children with hearing loss. Yet, this model is not significant, probably due to the small sample size and heterogeneity of the group. This heterogeneity, and larger variation in performance in this group, probably also explains the stronger relations in the group. These stronger relations may emphasize that knowledge of a word form is a prerequisite for reading vocabulary, and reading vocabulary is a prerequisite for reading comprehension. In children with hearing loss, both the scores on the lexical decision task and on the use decision task were substantially influenced by decoding skills. In children without hearing loss the influence of decoding skills on performance on the lexical decision task and on the use decision task was much smaller. This larger influence of decoding skills in the group of children with hearing loss can be explained by the fact that at least a basic level of decoding skills is a prerequisite for reading.
Limitations
First of all, we would like to emphasize the explorative character of this study. We think that our findings can give important directions for further research. Yet, our conclusions should be interpreted with caution. The post hoc model respecifications we conducted could potentially impact the statistical power and theoretical conclusions drawn from the study. Furthermore, for further theory building, it would be necessary to have decoding and reading comprehension measures at all measurement points and to also examine principles of restructuring.
A second issue is age. The children with hearing loss in our study ranged from Grade 3-6. Although age was not correlated with performance on our tasks, it should be noted that children in Grade 3 are different from children in Grade 6. Especially because the words used in the tasks should be known at the end of sixth grade and the reading passages came from tests for children in Grade 6. The disadvantage of this choice is that all texts and questions were at a sixth grade reading level. Yet, during the fourth year of the study when the comprehension measure was administered, the grade placement of the participants with hearing loss ranged from sixth to ninth, and there could be an impact of children reading passages as much as three years below their grade placement. However, we accepted this drawback against the advantage of relating vocabulary more directly to reading comprehension, by administering a test that contained the words we had measured longitudinally.
Moreover, we deemed chances were small to find ceiling effects within the group of children with hearing loss given the finding of Wauters et al. (2006) that only 4% of the children with hearing loss are reading on an age-appropriate level. Yet, the question remains whether children in the different grades were comparable in relevant respects (e.g., world knowledge). Moreover, examining Table 1 shows that the younger children showed more rapid growth than the older children. They were two years younger, but seem to catch up within two years and the reading comprehension scores in Year 4 are almost similar. They even score better than the older children on the reading comprehension task. Examining the Appendix shows that many younger children were in mainstream education whereas most of the older children were in special schools. Apparently, there were not only age-differences, but also other differences between the two groups. Larger, more homogeneous groups of children with hearing loss are needed to investigate the age and generation effect in children with hearing loss more thoroughly.
Third, the standard deviations in the group of children with hearing loss were extremely large, indicating that there is great heterogeneity in performance in children with hearing loss. Both the large standard deviations and the lack of an effect of age show that some children are performing at grade appropriate level whereas other children are not achieving commensurate with their grade level peers. Large standard deviations are often found in studies with children and adults with a-typical development. These large standard deviations may reflect the fact that hearing loss causes children to be much more dependent on their environment for creating developmental opportunities than when no such loss is at stake; and, of course, environments (i.e., what the parents and the school can offer the child) may vary considerably. What these standard deviations also reflect is that, apparently, some children with hearing loss do manage to read at age-level or close to agelevel. How children with hearing loss can achieve an age-appropriate level is a very difficult to entangle yet fascinating issue which should be addressed by future research.
Future Perspectives
In the current study we focused on decoding and semantics, but we did not include a phonological measure. However, the literature shows that phonological awareness is an important predictor of word decoding in children with normal hearing (Garlock, Walley, & Metsala, 2001; Stothard & Hulme, 1995) , and the inclusion of phonological awareness tasks might have helped to further examine and disentangle the structures between the different components of the mental lexicon over time, particularly because there remains a lot of discussion whether and to what extent the notion of phonological awareness can be applied to children with hearing loss. In addition, the role and position of fingerspelling and signs in the model should be determined. How does knowledge of fingerspelling and sign language relate to the phonological, orthographic and semantic components?
Furthermore, it would be interesting to take into account variables concerning the children with hearing loss, such as degree of hearing loss, age of onset of hearing loss, type of hearing aids and communication mode. We did not analyze the influence of these variables, because our group was too small and too heterogeneous. However, with earlier identification of hearing loss and developing techniques concerning hearing aids, it might be the case that these variables mediate the influence of hearing status and influence the different levels and the strength of certain relations. This would be even more important in an experimental design that includes measures of the phonological component. With more homogeneous subgroups, standard deviations within groups will hopefully also be smaller. Besides child variables concerning hearing loss, possible effects of the instructional methods used in special education could be taken into account as well as to what
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We included a pragmatic component in the model by administering the use decision task, but we did not include a syntactic component. However, reading comprehension in children with and without hearing loss is influenced not only by knowledge of form and meaning components and knowledge of word use (combining meaning with pragmatic features), but also by syntactic knowledge (Kelly, 1996; Shiotsu & Weir, 2007) . Yet studies have shown that rewriting texts using simplified syntax does not improve comprehension in children with hearing loss (Schirmer & McGough, 2005) . Children with prelingual hearing loss even seem to skip the processing of syntactic information conveyed by the sentence structure (word order), and rely mainly on word and world knowledge for comprehension (Miller, 2005) . Nevertheless, Kelly (1996) showed that reading comprehension of secondary school and college students with hearing loss was predicted best by an interaction of vocabulary and syntax. Although syntactic knowledge contributed to reading comprehension in a similar way regardless of the level of vocabulary knowledge, children with a considerable level of syntactic knowledge seemed better able to take advantage of their vocabulary knowledge. This corresponds with findings regarding hearing students that also show an asymmetry between the contribution of semantic and syntactic knowledge (Hagoort, 2003) . Although lexical and syntactic knowledge contribute separately to sentence comprehension, there seems to be interaction at some level. It would be interesting to explore the influence of syntactic knowledge on reading comprehension, and to examine whether the set of syntactic rules utilized by children with (prelingual) hearing loss is too small, or whether the knowledge they have is of a different nature than that of children with normal hearing (Schirmer & McGough, 2005 ). An adapted version of the use decision task could be used to explore the contribution of both pragmatics and syntactic knowledge.
Implications
The results of the present study may have important practical implications. Children with low quality lexical representations have problems with reading comprehension. In particular the depth of vocabulary knowledge appears to be an important predictor of reading comprehension skills. Therefore, intensive vocabulary instruction should be provided throughout the school years, comprising both intentional (explicit) instruction of vocabulary and strategies both to enhance incidental vocabulary learning and to monitor reading.
Intentional instruction should focus on both the size and depth of the basic vocabulary, because knowledge of a word can only be facilitative in reading comprehension if it is deep and multifaceted. To improve the quality of the different components of the lexical representation as well as to strengthen the relations between these components and to enable a child to create a knowledge network around a word, the child must have numerous encounters with the word in a variety of contexts. One should bear in mind that vocabulary knowledge, in contrast to word decoding, is not specific to reading. Unlike knowledge of the written word form, knowledge of the meaning of a word reflects general language experience and this knowledge can thus be acquired through all communication modes (Shankweiler et al., 1999) .
Moreover, by estimation, hearing children learn around 20 new words per day (Anglin, 1993) , which is far more than can be taught at school or at home. Therefore, it is also important to teach children which strategies they can use to derive the meaning of unknown words from the context in which they are used (Nagy, Anderson, & Herman, 1987; Stahl & Nagy, 2006) , how to use a dictionary, and how they can use their basic vocabulary knowledge and knowledge about morphological structures to derive the meaning of unknown words (Anglin, 1993; Bowers, Kirby, & Deacon, 2010) . Teaching many base words while also teaching how morphological principles should be applied, can improve vocabulary significantly, and thus also reading comprehension , particularly because morphological knowledge plays an important role at both lexical and sentence structure level (Kieffer & Lesaux, 2007) .
Finally, instruction of reading strategies, such as teaching children how they can monitor whether they comprehend the text and how they can make text-connecting and gap-filling inferences, will help them to construct integrated and coherent text representations (Oakhill & Cain, 2000) .
Conclusion
In short, our structural model of reading indicates that decoding skills predicted performance on the vocabulary tasks, both in size and in depth. More importantly, the quality of the mental lexicon affected a child's reading comprehension. Thus, we might say that whereas reading begins with decoding, comprehension begins with vocabulary knowledge. Without a basic vocabulary, one cannot use syntactic structures and pragmatic rules, let alone come to a text representation. Because we did not find a direct effect of hearing loss on reading comprehension and because the decoding skills of children with hearing loss are only slightly behind those of their hearing peers, we conclude that the smaller size and depth of vocabulary was the main cause of the reading comprehension problems in children with hearing loss in our study.
Studies have already shown there is a strong relationship between vocabulary and reading comprehension in both children with and without hearing loss (e.g., Anderson & Freebody, 1981; Beck, Perfetti, & McKeown, 1982; Garrison, Long, & Dowaliby, 1997; Kyle & Harris, 2006; Luetke-Stahlman & Nielsen, 2003) . This study, however, shows that this relation is even stronger for children with than for children without hearing loss. This emphasizes the importance of instruction of vocabulary knowledge and learning strategies for children with hearing loss.
Notes
1. This study is part of a larger study in which we longitudinally followed a group of children with hearing loss of different instructional ages, matching them with hearing children on instructional age. Participants in this study were in total 140 pupils with hearing loss and 819 pupils with normal hearing from elementary schools throughout the Netherlands, of whom the majority participated longitudinally (winter 2007 till spring 2011).
2. The reading comprehension task is created by combining three texts coming from three different, standardized tests measuring different aspects of knowledge (vocabulary, reading, mathematics, and so forth). The reading aspect consists of a range of reading comprehension tasks of which one is the type of reading task we used. Scores are overall scores over the three texts, and the maximum score of 25 can be obtained by answering all 25 questions correctly.
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